Mechanical vibration tests require the use of vibrators, power amplifiers, accelerometers, and closed loop control systems. A device is needed to connect physically the specimen to be tested to the vibrator table referred to as vibration test fixture. To verify and validate a fixture to be used, an evaluation of its dynamical behaviour is mandatory. The fixture natural frequencies must be higher than the maximum test frequency. In this work, some issues about electrodynamic vibrators and fixtures are revised and the behaviour of a real fixture is analysed numerically and experimentally. The fixture natural frequencies and its response to a harmonic acceleration applied on its bottom surface are evaluated by using the finite element method. A real test was performed by applying slow swept sine acceleration to the fixture mounted in an electrodynamic vibrator and measuring its response. The effect of the closed loop control system on the fixture response is evaluated. It is shown that the control system plays an important role in the definition of the fixture useful operating frequency range.
INTRODUCTION
Some products are exposed to severe noise and vibration loads during their life cycle. Thus, it is mandatory to perform tests that simulate the product with the environment loads when the product is still in the development phase to verify whether it can withstand the loads keeping its performance under acceptable levels. Mechanical vibration tests evaluate the product structural dynamics behaviour. In a mechanical vibration test, the device under test (DUT) is submitted to predetermined levels of vibration in order to simulate its life cycle operation environment. The essential components to such a test are: the vibrator, the power amplifier, accelerometers, a closed loop control system and a fixture, a device that connects the DUT, and the vibrator moving part. The function of the power amplifier is to supply the vibrator with electric power necessary to generate vibration motion. In simple terms, more velocity requires more voltage and more force or acceleration requires more current from the power amplifier. Accelerometers are transducers able to measure the vibration motion, and during vibration tests they are used to verify the vibratory levels reached by some DUT regions. The control system operates in a closed loop and its function is to check and assure that the vibration levels on the vibrator Ideally, a fixture couples the motion from the vibrator to the DUT with high fidelity, with zero distortion at all amplitudes and frequencies of interest. In practice, weight, size, high natural frequency, and cost considerations are the major factors that greatly affect the design and built of vibration test fixtures. Many times, fixtures were designed by using empirical methods, not taking into account its dynamic characteristics. 7 The dynamic behaviour of complex structures such as vibration test fixtures is often far different from what has been calculated and usually, the ideal cannot be met and limitations of the fixtures must be known. 10 This means that new fixture experimental evaluation is required before using it in test programs. This procedure will avoid situations where the test will fail at certain frequencies.
Following this recommendation, this work deals with a very relevant topic, being the correct use of fixtures in dynamic testing. In order to enhance the requirements of quality of vibration test programs conducted at various laboratories, this paper presents a methodology to verify the dynamic performance of already built fixtures. This work is focused on the dynamic behaviour analysis of an already built specific vibration test fixture. The dynamic performances are analysed numerically and experimentally. The most appropriate frequency range for vibration tests and regions on the fixture to fix the DUT are defined.
The experimental obtaining of the transmissibility on various points of the fixture allowed the definition of: a) of the fixture useful area to meet the requirements of the dynamic test-
